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Differences Between Studies

in Reported Relative Risks

Associated with Smoking:

An Overview

SYNOPSIS

REPORTED RELATIVE RISKS associated with smoking differ between studies;
these differences may reflect true biological differences between populations or
may be research artifacts introduced by differences in factors such as amount
smoked or smoking duration. The authors reviewed the literature published
before June 1-992 on relative risks associated with smoking for heart disease,
stroke, lung cancer, and chronic obstructive lung disease. They quantified the
effect of variables such as age, amount smoked, and smoking duration on
reported relative risks. The main reasons for the variation in reported relative
risks were: misclassification of former smokers as never smokers, the use of mor-
tality rate ratios rather than incidence rate ratios, a possible period effect suggest-
ing increasing relative risks over time, and differences in the amount smoked. It is
far more likely that these factors are responsible for the observed variation
between studies than that the variations reflect true biological differences
between populations. Using relative risks from other studies is therefore justified
in calculating a population attributable risk if the studies are carefully selected and
address factors such as amount smoked and period effects.

t~T5 he prevalence of a risk factor and the associated relative risk are
important epidemiological measures. They are needed to calculate
the population attributable risk, which can be used as a simple
measure to show how much mortality would be avoided if a risk
factor were eliminated. The potential impact fraction is another

measure that is calculated based on both the prevalence of a risk factor and the
associated relative risk. This measure enables us to choose between different
interventions based on their expected health effects, for example, an expected
reduction in mortality.

Epidemiological models such as PREVENT are designed to enable policy
makers and public health professionals to quantitatively weigh alternative pri-
mary prevention interventions.1'2 The PREVENT model is based on the
potential impact fraction and thus needs the prevalence of a risk factor and the
associated relative risk as input. This epidemiological knowledge about the
relationship between a risk factor and a disease is combined with a dynamic
population model. The model simulates a real aging population in which mor-
tality risks are linked through risk factors to show, for instance, that a reduction
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in smoking behavior will not only lead to a reduction in
ischemic heart disease mortality but also to a reduction in
mortality from chronic obstructive lung diseases, lung can-
cer, and cerebrovascular diseases. Furthermore, a time
dimension is incorporated to simulate a gradual reduction in
risk after cessation of exposure.3

Such epidemiological models depend on data from pre-
viously published studies. Yet large variations in disease
prevalence and relative risks are found in the literature. Part
of this variation may be due to differences in the measure-
ment of other variables, which may influence both the esti-
mated prevalence4 as the observed association between a
risk factor and the occurrence of a disease.5 A problem may
arise in deciding which estimates of prevalence and relative
risk are the most representative for a certain population. For
example, estimates of smoking-related risks for the popula-
tion of the Netherlands would ideally be based on data
taken from a cohort study carried out in the Netherlands. In
practice, data on the prevalence of most risk factors are
available from surveys. However, relative risks are not
always available for the population studied and reported rel-
ative risks in a certain popu-
lation are not necessarily
applicable to other popula-
tions. When population-
specific estimates are not
available, it is important that
relative risk estimates are
carefully selected to best fit
the specific population. This
may be difficult due to the
variation between studies in
reported relative risks. It is
thus important to find out
what explains these differ-
ences between studies.

When clinical trials give
different results, a meta-
analysis is usually carried
out. Meta-analyses can be
based on published data that
show the absolute number of
patients in various groups; however, many population stud-
ies report relative risks without the absolute numbers. Fur-
thermore, population studies that use different approaches,
for example, cohort studies and case-control studies, are not
methodologically comparable. Nevertheless, as subgroup
analyses are performed in a meta-analysis to see whether
there is any heterogeneity in the treatment benefit, we
should try to explain the observed variation in reported rela-
tive risks and decide whether it is justified to use a relative
risk from a study carried out in another country.

The authors reviewed the published literature on smok-
ing-related diseases to determine (a) the extent of variation
between studies in reported relative risks associated with

I
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smoking for heart disease, stroke, lung cancer, and chronic

obstructive lung disease and (b) the effect that this variation
has on the population attributable risk for smoking and the
potential impact fraction. We analyzed possible reasons for
these differences in relative risks between studies, such as
differences in amount smoked or smoking duration, and
estimated their influence on the reported relative risk. If the
influence of such variables on the reported relative risks of
disease associated with smoking is strong and they are likely
to explain the observed variation between studies, then it is
appropriate to apply relative risks from published studies to
other populations.

Methods

We analyzed 83 reports on the risks associated with
smoking for heart disease, stroke, lung cancer, and chronic
obstructive lung disease. These publications were selected
for indusion using the following criteria: (a) Each study was
published in the international literature written in English
before June 1992. (b) Only one publication for each study
was selected, unless the subsequent publication(s) consid-

ered a different subgroup or
gave additional information.
In the case of multiple pub-
lications, the one with the
longest follow-up (the most
recent) or with the most
extensive documentation
was used.

Differences between
studies in reported relative
risks associated with smok-
ing may represent true bio-
logical differences between
populations or may be arti-
facts. Artifactual differences
may result from variables
including differences in age,
differences in amount
smoked or smoking dura-
tion, misclassification of for-
mer smokers as never smok-

ers, differences in exposure to other risk factors, and
differences in time since smoking cessation.

We analyzed the reported relative risks according to these
variables to see whether the differences between studies
would disappear. In addition, we searched the literature for
studies that have investigated the effect of one of the above-
mentioned variables on reported relative risks. We compared
the lowest and highest reported relative risk in the studies we
reviewed and calculated to what extent each of the above-
mentioned variables could be responsible for such variation.

Results

We analyzed studies carried out in several countries
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Table 1. Range of reported relative risks (RR) associated with smoking

Men
Disease studied

Cardiovascular disease................
Coronary heart disease ...............
Myocardial infarction .................
Stroke ............................
Lung cancer ........................
Chronic obstructive lung disease ........

SOURCES: References as cited.

including the United States, the United Kingdom, other
European countries, and Japan. A detailed overview of the
reported relative risks for the four diseases-heart disease,
stroke, lung cancer, and chronic obstructive lung disease-is
available from the authors on request. Table 1 gives the low-
est and highest relative risk reported for men and women
for the four diagnoses. In general, we found that the lowest
estimates were reported for elderly populations and low
exposure categories. Except for lung cancer, the highest rela-
tive risk estimates were found in high exposure categories
and in relatively young populations. Furthermore, the lowest
estimates in general were found in the earlier studies. This
may indicate a true increase in relative risks over time and
may be due to increased exposure in more recent birth
cohorts, for example, due to higher cigarette consumption.
However, Doll et al. have recently shown that the increase
in relative risks over time was caused by the fact -that age-
specific mortality among nonsmokers had decreased sub-
stantially over time while the mortality rate among smokers
had remained about constant.6 It is thus not the higher
mortality rate among smokers that is causing the higher rel-
ative risks over time but the lower mortality rate among
nonsmokers.

Table 2 shows the effect of the variation in reported rel-
ative risks of several diseases on the population attributable
risk due to smoking. Given such a large variation in popula-
tion attributable risks, it is difficult for public health profes-
sionals to estimate the extent of the public health problem.
The same issue arises when the potential impact fraction is
calculated to estimate the potential health gain as a result of
a 50% reduction in smoking prevalence (see Table 3). Again,

wide variation is found, making it difficult for public health
professionals to determine to what extent mortality would
be reduced if the prevalence of smoking were lowered.

Lower relative risks are reported for the elderly for some
diseases, such as coronary heart disease7 and stroke,8 but not
for others, such as lung cancer. This may be due to a cohort
effect. Floderus et al. reported that the relative risks ofcoro-
nary heart disease associated with smoking were higher in
the younger cohorts for both men and women.9 However,
this does not explain why lower smoking-associated relative
risks in the elderly are not reported for lung cancer. The
observed decline in relative risk with increasing age may be
at least partly a methodological artifact. One reason for this
decline may be that mortality rate ratios are usually reported
rather than incidence rate ratios. Incidence rate ratios take
into account,only the incident events of those individuals at
risk.10 A mortality rate in the population is defined as the
ratio of all deaths in a certain period of time over the total
number of person-years in the population (including indi-
viduals with and without the disease). In the case of a large
population with the disease, age-specific increases in inci-
dence will be diluted and will only partly be shown in mor-
tality increases. Since smokers have a higher prevalence, this
effect is- stronger in smokers than in nonsmokers. Hence,
the mortality rate ratio will tend to fall below the incidence
rate ratio. Given the increasing prevalence of some diseases
with age-for example, heart disease-a decline in the mor-
tality rate ratio by age may be expected even if the incidence
rate ratio is constant over all ages; this would be due to the
relatively greater increase of disease prevalence in smokers
than in nonsmokers. Such a decline in the mortality rate

Table 2. Effect of variation in reported relative risks on population attributable risk (PAR)

Men
Lowest PAR (Percent) Highest PAR (Percent) Lowest PAR (Percent) Highest PAR (Percent)

Cardiovascular disease................
Coronary heart disease ...............
Myocardial infarction .................
Stroke ............................
Lung cancer ........................
Chronic obstructive lung disease ........
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Lowest RR
Women

1.321
1.215,36
0.337
11 115
2.517
0.522

Highest RR

224
2.99
3.638
3.725

134.539
3818

Lowest RR

1.624

1.438
1.525
1.319,32
2.322

Highest RR

1.624
3.025
7.229
5.828

46.839
3219

Disease studied
Women

10
7
10
4
36
-23

27
41
49
50
98
93

15
0

l l
13
8

28

15
38
65
59
93
90
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Table 3. Effect of variation in reported relative risks on potential impact fraction (PIF), assuming a 50% reduction in
smoking

Lowest PIF (Percent)
Men

Highest PIF (Percent)
Women

Lowest PIF (Percent) Highest PIF (Percent)

Cardiovascular disease................
Coronary heart disease ...............
Myocardial infarction .................
Stroke ............................
Lung cancer ........................
Chronic obstructive lung disease ........

ratio should not be interpreted as a change in the etiological
relationship ofsmoking and heart disease with age (that is, a
true interaction with aging). This would also explain why
the earlier studies tend to report smaller relative risks and a

smaller decline with age, that is, because of a higher case

fatality in those studies and therefore smaller prevalences of
heart disease. Furthermore, it would also explain why the
declining relative risks with age are not found for lung can-

cer, that is, because of the
low prevalence of lung can- _
cer due to its high case fatal-
ity rate. The effect of these
dynamics on the relative risk

estimates has been quanti-
fied but is reported else-

where and will not be dis-
cussed in this paper.11
However, the Framingham
study reported a declining
smoking-associated inci-
dence rate ratio for coronary l _
heart disease with increasing
age, from 3.3 in the age

group 35-44 years of age to
0.8 in the age group 75-84
years of age7 based on bien-
nial examinations of the
cohort members.12 So there
must be other explanations
for the observed decline in relative risks with increasing age,

including differential mortality (susceptible people die at
younger ages-more smokers than nonsmokers because of
smokers' higher mortality risk).

In general, relative risks increased when smoking dura-
tion increased and when the amount smoked increased.
This means, for example, that if the mean smoking duration
in the Netherlands is higher than in the population in
which the relative risk was estimated, the calculated health
benefit for the population of the Netherlands of an inter-
vention may be underestimated by using data from another
country since the relative risks used were probably too low.
It is difficult to compare the reported relative risks between
studies, even if these relative risks are specified according to

amount smoked and smoking duration. Studies tend to use

different exposure categories or different diagnoses; for
example, one study may refer to ischemic heart disease and
another to myocardial infarction. The use of different diag-
noses may explain part of the difference in reported relative
risks between studies. For instance, the Nurses Health
Study13 and a study by Rosenberg et al.,14 comparing
patients with similar diagnoses, found similar relative risks

of myocardial infarction by
amount smoked taking into
account the fact that the
studies were carried out in
different settings (2.3, 4.7,
and 6.1 for nurses versus

E 1 2.0, 3.4, and 6.5 for hospital
inpatients). For stroke, the
relative risk has been found

6w-us ¾se to increase with the amount
smoked.8 The only two
studies that are comparable
with regard to exposure cat-
egories are the U.S.
veterans15 and the White-
hall study.16 The increase

with amount smoked is
somewhat stronger in the

Whitehall study, but this
may be due in part to the
fact that this population was

somewhat younger (and higher relative risks of stroke are

found at younger ages). For lung cancer, smaller relative
risks by exposure category were found for a Japanese
cohort17 than for a British cohort,18'19 possibly due to dif-
ferences in smoking duration, type of tobacco smoked, or

smoking behavior such as inhaling, a difference in the inter-
action with unmeasured variables, or a genetic difference.
Mizuno et al. have shown that the lower lung cancer mor-

tality relative to daily cigarette consumption in a Japanese
cohort compared to that in the British physicians' cohort
resulted from a shorter duration of cigarette smoking in the
Japanese cohort.20 Relative risks seem quite comparable in
the U.S. veterans study15 and the nine-state study,2l espe-

cially in the higher exposure categories. For chronic obstruc-
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Disease studied

5
3
5
2
18

-lI

14
21
25
25
49
47

8
0
5
7
4
14

8
19
33
30
47
45
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tive lung disease, the studies are not very comparable, even
when the relative risks by exposure categories are compared.
For emphysema, the relative risks found in the U.S. veterans
study15 are higher, especially in the higher exposure cate-
gories, than in a study of Canadian veterans.22 Doll and
Peto found even higher relative risks;18 the reason for this
finding is not clear.

In a previous paper we have shown that misclassification
of former smokers as never smokers may be an important
cause of differences in reported relative risks associated with
smoking. The increase in the percentage of "never smokers"
over time within a group of men born in the same period
was shown to be attributable to misclassification because
differential mortality could only explain part of the increase
when the group ofmen had aged beyond 70 years.23 One of
the reasons for this misclassification may be a change in the
social desirability of smoking over time. We estimated that
about 26.7% of former smokers were misclassified as never
smokers, which has a substantial impact on the estimated
relative risks associated with smoking. A reported relative
risk of 2.0 for cardiovascular disease for instance, which is
the highest relative risk
reported,24 would be biased
to 1.7 due to such a misclas-
sification. The lowest
reported estimate is 1.3, but
this is the relative risk for
light smokers.21 The overall
relative risk in this popula-
tion irrespective of the
amount smoked was 1.6,
which is close to the 1.7
mentioned above. For
stroke, a relative risk of 1.51
as reported by Shinton and
Beevers,8 would be biased to
1.34. The relative risks asso-
ciated with smoking for
lung cancer and chronic
obstructive lung disease are
biased much more strongly J
as a result of this kind of
misclassification, due to higher relative risks for former
smokers for these diseases (from 11.3525 to 2.88 for lung
cancer and from 8.2126 to 1.87 for chronic obstructive lung
disease). When no distinction is made between former
smokers and never smokers, the bias in the reported relative
risk will probably be even stronger, since former smokers are
likely to have a higher risk of death than the misclassified
"never" smokers or the true never smokers.

The impact of adjusting the relative risk for exposure to
other risk factors seems to be small. Rosenberg et al. showed
that the relative risk of myocardial infarction in men
increased from 2.9 to 3.1 when it was adjusted for other risk
factors.27 Colditz et al. showed that the relative risk of
stroke for women in every exposure category increased only

slightly after adjustment for other risk factors.28 Of course,
there may be other (unmeasured) variables that bias the
reported relative risk, but these must be strong risk factors
before they will have a considerable effect on the relative
risk. Adjustment of the relative risk of stroke for strong risk
factors such as hypertension and diabetes has been shown
to have only a small effect on the reported relative risk.28

It is even more difficult to compare the relative risk for
former smokers between studies, especially since many stud-
ies only report the relative risks for the entire group of for-
mer smokers irrespective of the time since smoking cessa-
tion. For coronary heart disease, the studies that do report
relative risks for former smokers specified by time since
smoking cessation can be divided into two groups. One
group of studies reports that it takes about five years before
the excess risk of coronary heart disease associated with
smoking disappears,27'29 while the other group claims that
it takes 10 to 15 years before the risk for former smokers is
the same as that of never smokers.'1521'30'31 One of the rea-
sons for this difference might be that some studies use inci-
dent events as the outcome measure, while other studies use

mortality as endpoint. In
the first case, only first
events are considered
(either nonfatal or fatal),
while in the second case
only fatal events are used
(either first or recurrent
events). The difference
between studies may thus
result from the fact that
persons may survive for a
number of years with heart
disease (prevalent cases), so
it takes longer before the
excess risk of death due to

_ asmoking has disappeared
after smoking cessation
compared to the excess risk
of afirst coronary heart dis-
ease event. For lung cancer,
this difference is not very

important due to the high case fatality rates. All studies
agree on the fact that the excess risk of lung cancer remains
elevated after smoking cessation, even after a long period of
time. The exact number of years it takes before this excess
risk is reduced to its lowest value differs between studies.
Dependent upon the amount smoked, the excess risk
reported is about 2, 15 to 20 years after smoking cessa-
tion.15'18'25'32 For chronic obstructive lung disease, only two
studies report relative risks for former smokers by time since
smoking cessation.15"18 The highest estimate found in the
literature shows that the risk ofchronic obstructive lung dis-
ease for former smokers who have not smoked for more
than 20 years is still almost three times the risk for never
smokers.15
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Table 4. Effect of using overall or age-specific smoking
prevalences and relative risks of stroke associated with
smoking, assuming a 50% reduction in smoking

Weighted
Overall < 55 55-74 75+ average

Prevalence4O ..... 0.34 0.33 0.34 0.23
RR8 ........... 1.51 2.94 1.75 1.11
PAR ........... 0.15 0.39 0.20 0.02 0.34
PIP ........... 0.07 0.20 0.10 0.01 0.17

aAn intervention is simulated in which smoking is reduced by 50%.
SOURCES: References as cited.

Discussion

The present overview has shown that reported relative
risks vary considerably between studies and that estimates of
the population attributable risk for smoking or the potential
impact fraction of a smoking intervention will vary accord-
ingly. It is thus important to explain the observed variation
between studies to arrive at better estimates of relative risks.
Important reasons for the observed variation appear to
include the misclassification of former smokers as never
smokers, the use of incidence versus mortality as endpoint,
and differences in the reported amount smoked. Further-
more, Doll et al. have shown that the stronger decline of the
mortality rate over time in nonsmokers is responsible for the
increasing relative risks associated with smoking over time,6
which will also explain part of the differences in reported
relative risks. It is likely that these factors together largely
explain the differences in reported relative risks between
studies and that the variation does not reflect true biological
differences between populations. This is supported by the
results from migrant studies, which show that migrants to
some extent "adopt" the prevalence or mortality ofthe coun-
try to which they migrate.33'34 Their resulting rates are
somewhere in between those of the home country and those
of the country to which they migrate.

Part of the variation between studies in reported relative
risks is due to differences between studies in the amount
smoked or to misclassification of former smokers as never
smokers. However, part ofthe variation might also be due to
small numbers, leading to imprecise estimates of relative
risks. Unfortunately, many studies report relative risk esti-
mates without mentioning measures of variability or the
absolute numbers in every exposure group, and thus confi-
dence intervals cannot be calculated.

This means that we can carefully apply suitable relative
risks to one population from a study carried out in another
country, which can then be used in calculations ofthe popu-
lation attributable risk or in models like PREVENT. How-
ever, some cautions are in order. For example, we should be
aware of the fact that misclassification of former smokers as
never smokers might have affected the relative risk estimate.

Therefore, sensitivity analyses should be carried out with
regard to the relative risks that are used to assess whether
the results of the model are greatly influenced by the choice
of relative risks. The actual selection of a relative risk may
depend upon various factors. For some analyses it may be
sufficient to use relative risks for coronary heart disease,
while in others it is necessary to use relative risks reported
for separate disease entities, for example, myocardial infarc-
tion or angina pectoris. Furthermore, it seems wise to select
a relative risk from a study carried out in a Western country,
since the relative risks reported from countries such as Japan
are usually lower than those for Western populations and
the Japanese population may not be completely comparable
to Western populations in terms of historical development
of health status or genetic makeup.

Different definitions of relative risks are used in differ-
ent studies. Depending on the application for which we
need to select an appropriate relative risk, different "types"
of relative risks may be selected. To calculate the percentage
of mortality that should be attributed to smoking, mortality
rate ratios might be preferred. These should be age-specific
to obtain the most precise estimates of smoking attributable
mortality, while both the prevalence of smoking and the rel-
ative risk of death may change with age. Using the overall
prevalence of smoking and an overall relative risk35 rather
than age-specific estimates might lead to an underestima-
tion of both the population attributable risk and the poten-
tial impact fraction (Table 4). That such a decline in the
mortality rate ratio may not reflect a true change in the etio-
logical relationship between smoking and the risk of getting
the disease is not important for the calculation of the popu-
lation attributable risk. To determine whether the smoking-
disease relationship changes with age, incidence rate ratios
(or, rather, incidence density ratios) should be used in order
to be able to interpret the possible decline with age. If mor-
tality rate ratios were used in this case, then a decline with
age should be expected for diseases with a relatively high
prevalence that increases with age and increases to a greater
extent in smokers than in nonsmokers-such as heart dis-
ease. We cannot conclude from such a decline in the mor-
tality rate ratio that the etiological relationship between
smoking and heart disease changes with age.

The authors thank Dr. Robert A. Spasoff for his comments
on an earlier draft of this paper.
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